Chronic obstructive pulmonary disease (COPD) is a chronic and often progressive disorder with a heterogeneous presentation and frequent systemic manifestations. Several aspects like persistence in smoking habit, continuous exacerbations, alpha-1-antitrypsin deficiency and inflammatory-immune response, are involved in the pathophysiology and progression of the disease. However, the role of natural killer (NK) cells remains controversial. Otherwise, human cytomegalovirus (HCMV) infection has been reported to induce an adaptive differentiation and expansion of an NK cell subset which carries the CD94/NKG2C receptor, which may contribute to an upset immune defense. For these reasons, our objective is to assess the distribution of NK cells and their subset in COPD patients and some of its phenotypes.
Background
Chronic Obstructive Pulmonary Disease (COPD) is a highly prevalent entity which affects around 10% of the adult population in developed countries and entails significant social and healthcare costs [1] . It is characterized by a persistent airflow obstruction, although its clinical presentation is heterogeneous and includes systemic manifestations and frequent associations with a range of comorbidities [1] . Therefore, attempts have been made to further characterize or even personalize the diagnosis of COPD. Several phenotypes or/and endotypes of the disease have been described in recent years, including frequent exacerbators, the combination of COPD with bronchial asthma (ACO), a clear predominance of pulmonary emphysema or bronchiectasis, and associations with specific comorbidities or systemic manifestations such as cardiovascular involvement or nutritional abnormalities [2] [3] [4] . However, in the absence of suitable biomarkers, the diagnosis of these phenotypes is still essentially clinical. Identifying biomarkers would be helpful not only for diagnosis but for a better understanding of the pathophysiology of COPD and its heterogeneity and might contribute to the identification of novel therapeutic targets.
In COPD, the response to the insult (generally tobacco smoking) is fundamentally inflammatory at both pulmonary and systemic levels [5] . It is commonly accepted that neutrophils and T lymphocyte helper 1 (T H 1) play a central role in the inflammatory response that characterizes this disorder [1, 6] . Other immune cells such as macrophages, regulatory T lymphocytes (Tregs) and natural killer (NK) cells have also been implicated in the pathophysiology of COPD [6, 7] . Some studies suggest that the inhibitory CD94 receptor is under expressed on NK cells from COPD patients, which may be related to an increase of granzyme B production [8, 9] . Although the specific role of NK cells has not been elucidated, it has been suggested that they are involved in the pathogenesis of pulmonary emphysema and in bronchial remodeling [10, 11] .
For its part, human cytomegalovirus (HCMV) infection causes a highly prevalent, life-long persistent infection in between 40 and 90% of the general population [12] . Although it tends to be asymptomatic, this herpesvirus may have a severe pathogenic impact on congenital infections and in immunocompromised patients [13] , and it is also associated with immune senescence and chronic inflammatory diseases such as atherosclerosis. To our knowledge, the prevalence of HCMV infection in patients with COPD has not been reported, but it is likely to mirror that of the general population, with increased prevalence rates of both entities in lower socioeconomic strata [1, 13] . After primary infection, HCMV remains latent, mainly in cells of myeloid lineage; it is occasionally reactivated, inducing the production of CD28 null T cells and promoting systemic inflammation in COPD patients [14] , with a potential impact on disease progression. Also, alveolar macrophages in the lung may constitute an important viral reservoir [15] and CMV can be transmitted through secretions [16] .
In addition to B cell production of HCMV-specific antibodies, T lymphocytes and NK cells play a fundamental role in the immune response to this pathogen [17] . In this context, HCMV has been reported to promote the specific differentiation and expansion of an NK cell subset hallmarked by expression of the CD94/ NKG2C activating receptor specific for the HLA-E molecule, together with additional phenotypic and functional features, and which are currently known as adaptive NKG2C+ NK cells ( Fig. 1) [16, 18] . This reconfiguration of the NK cell compartment is persistent, though its magnitude among infected individuals ranges from levels comparable to those detected in HCMV(−) subjects up to > 50% of total circulating NK cells. Studies in renal transplantation suggest that adaptive NKG2C+ NK cells may contribute to the immune defense against HCMV [19] . A homozygous deletion of the NKG2C gene has been reported, with frequencies of 6 and 8% in two Spanish cohorts of healthy donors [19, 20] . NKG2C gene copy number has been reported to influence the surface expression levels of the receptor [20] . It has been hypothesized that changes in the NK cell pool promoted by HCMV might influence the immune response to other infections, tumors or inflammatory-based diseases.
In this context, we considered a putative relation of adaptive NKG2C+ NK cell expansions with COPD phenotypes and systemic manifestations. The objective of this pilot study was to explore the levels of NK cells, and more specifically of the NKG2C+ subset, in COPD and in some of its most prevalent clinical forms. 
Methods

Population
Sixty-six COPD patients were consecutively recruited from the outpatient clinic of the Respiratory Medicine Department at our institution. The diagnosis of COPD was made according to GOLD criteria [1] . Individuals with chronic alcoholism, bronchial asthma, neuromuscular diseases, neoplasms and, in general, entities and treatments that might alter per se the immune status were excluded from the study. In parallel, 13 healthy individuals of age and sex similar to those of the patients were also included.
Procedures
Demographic and clinical data, including anthropometry, body composition, respiratory function and exercise capacity, were collected in all cases. In addition, peripheral blood samples were obtained for use in HCMV serology, as well as general analyses including a complete blood count, total NK cells and proportions of the cells expressing the activating receptor NKG2C or the inhibitory receptor NKG2A.
Clinical data
COPD was defined in the presence of a compatible clinical history and a post-bronchodilator FEV 1 /FVC ratio of < 70% [1] . The severity of airflow obstruction was defined by the FEV 1 (% pred.) value, and patients were divided into those with mild-moderate (FEV 1 > 50% pred.) and severe-very severe disease (FEV 1 < 50% pred.). 'Frequent exacerbators' were defined as patients with two or more moderate to severe exacerbations (for which they contacted the health system) in the year prior to the study. Patients were also divided according to their nutritional status (see below), presence of peripheral blood eosinophilia (> 300 cells/mm 3 ), presence of predominant emphysema (as assessed by computed tomography [CT]), or presence of bronchiectasis on CT. Dyspnea, both at baseline and at the end of submaximal exercise (see below), was assessed using the Borg scale [21] . In turn, dyspnea during activities of daily living was evaluated using the modified Medical Research Council (MRC) scale [22] .
Respiratory function and exercise tolerance
Forced spirometry with a bronchodilator test, as well as determination of static lung volumes (plethysmography) and carbon monoxide transfer coefficient (DL CO ) were performed according to standardized procedures, and values are expressed as percentages of reference for a Mediterranean population [23] [24] [25] . A 6-min walking test was also performed, measuring distance and symptoms and monitoring oxyhemoglobin and heart rate (pulse oximeter 9590 Onyx Vantage, Nonin Medical Inc., Plymouth, MN). The test was carried out at least twice and the result with the highest distance was chosen.
Nutritional status
Anthropometric variables were calculated, and body composition was determined through bioelectrical impedance (Bodystat 1500, Bodystat Ltd., Isle of Man, UK). Patients were then divided into those with nutritional abnormalities (Body mass index [BMI] thresholds < 20 kg/m 2 or alternatively < 18.5 kg/m 2 ) or those with normal nutritional status [5, 26] . Moreover, regarding body composition patients were also divided in those with a reduced lean mass (limits for fat free mass index [FFMI] < 18 kg/m 2 in men and < 15 kg/m 2 in women; or alternatively, < 16 kg/m 2 in men and < 14.5 kg/m 2 in women) [5] .
Emphysema according to computed tomography
Two expert radiologists independently assessed the CT, classifying patients into those with predominant or nonpredominant emphysema and those with or without bronchiectasis. The few patients in whom discrepancies were recorded were excluded from the study.
NK cell markers and NKG2C genotype (flow cytometry)
This analysis was performed by flow cytometry with fresh blood samples drawn in tubes with EDTA and handled according to the procedure described elsewhere [27] . Briefly, the sample was pretreated with saturating concentrations of human aggregated immunoglobulins, in order to block FcγR. Labeling was carried out with various combinations of antibodies in order to identify NK cell subsets. The following antibodies were used for direct immunofluorescence: APC-H7-conjugated anti-CD3, PerCP-conjugated anti-CD45, FITC-conjugated anti-CD56 (BD Biosciences, San Diego, CA). NK cells were identified as CD45 + CD3-CD56+ lymphocytes, and subsets were identified with antibodies APC-conjugated anti-NKG2C (R & D systems, Minneapolis, MN), and PE-conjugated anti-NKG2A (Beckman Coulter, Brea, CA). After washing and erythrocyte lysis, samples were analyzed with a FACS Canto cytometer. Data were processed with DIVA software (BD Biosciences), and absolute and relative counts of NK cells (related to total lymphocytes) and of each of the NK subsets (in this case in relation to total NK) were obtained [18] (Fig. 2) . NKG2C zygosity was assessed as previously described [28] .
Statistical analysis
The sample size for the study was calculated accepting an α risk of 0.05 and a β risk of less than 0.2 in a bilateral contrast. This meant that a minimum of 55 patients was required to detect a difference of 0.09 units or more. It was assumed that the proportion would be 0.05 in the group of preference, estimating the absence of losses, given the characteristics of the study.
The normality of the quantitative variables was assessed using the Shapiro-Wilk test. The quantitative variables with a normal distribution are expressed as means ± standard deviation (x ± SD) and those with a non-normal distribution as median (interquartile range) (x[IR]). The qualitative variables are showed as percentages. The comparisons between groups were carried out using the t-test for paired data or the Mann-Whitney U test as appropriate, or the X 2 test in dichotomous variables. In the multivariate analysis we included those variables that were significant in the univariate analysis, as well as those clinically relevant or with a P value < 0.2. Regarding the NKG2C+ cell count, two groups were differentiated, according to the threshold of 20% which was chosen as a function of the x value of these cells observed in healthy seronegative subjects plus two SD [18, 29] . Correlations between variables were assessed using Pearson or Spearman coefficients, according to the distribution of the variables. All statistical analyses were performed using SPSS 24.0 (SPSS Inc., Chicago, IL, USA), and a p-value < 0.05 was considered statistically significant.
Results
Clinical characteristics of COPD patients are shown in Table 1 . Most of these patients had a normal nutritional status (BMI 26.2 ± 6.5 kg/m 2 ), although their lean mass decreased (only 65% exhibited normal body composition using the FFMI). Regarding lung function, up to 76% of patients showed severe to very severe airflow obstruction (FEV 1 < 50% pred.). In COPD patients, 26% had peripheral blood eosinophilia > 300/ul and the serology for HCMV was positive in 87.9%, similar to the control group (81.8%) and to previous reports in the general population of comparable age [30] , We did not find significant relationship between HCMV+ serology and NK and NKG2C+ cells (p = 0.1 and 0.5 respectively).
NK cells
The proportions and absolute numbers of CD56+ CD3-NK cells were similar between controls and COPD patients. Analysing subpopulations of COPD patients, the proportions of NK cells were also higher in the group with severe-very severe disease than in those with mildmoderate disease (20.6 ± 9.8% vs. 13.9 ± 6.9%, p < 0.05) ( Fig. 3a) . COPD patients with bronchiectasis in CT displayed higher proportions of NK cells than patients without this abnormality (23.4 ± 6.7% vs 17.3 ± 9.7%, p < 0.05) (Fig. 3b ). Interestingly, proportions of total NK cells did not differ significantly between active smokers and exsmokers (15.8 ± 7.9 vs 20.1 ± 9.9, p = 0.09). Neither the patients with FFMI> 18 kg/m 2 [men] and > 15 kg/m 2 [women] showed different levels of total NK cells (572 ± 342 vs 340 ± 221, p = 0.07). Predominant emphysema (defined either by CT or a decreased DLco value) or eosinophilia appeared unrelated to the proportion or total NK cells. By contrast, the proportion of NK cells was inversely correlated to the FVC (r = − 0.358, p < 0.01), but not differ significantly with TLC (p = 0.09), FEV 1 (p = 0.08) and the distance obtained in the 6-min walking test (p = 0.09).
NKG2C+ and NKG2A+ cells
Although the proportions of NKG2C+ cells were similar in controls and COPD patients (13.9 ± 8.0 vs 14.4 ± 17.1, p = 0.9), higher values were observed in frequent than in occasional exacerbators (19.6 ± 20% vs. 10.5 ± 13, p < 0.05), albeit with a substantial dispersion of values (Fig. 4a ). In addition, patients with a reduced FFMI (< 18 kg/m 2 [men] and < 15 kg/m 2 [women]) showed higher NKG2C+ cell proportions than patients with conserved body composition (19.4 ± 21% vs. 8.1 ± 13%, p < 0.05, respectively) ( Fig. 4b) . Unfortunately, the low number of patients with BMI < 18.5 kg/m 2 or FFMI< 16 kg/m 2 (men) and < 14.5 Fig. 2 Flow cytometry gating strategy to define NK cell subsets in two representative patients. In Fig. 2a we show a patient with a low percentage (< 20%) of NKG2C and in Fig. 2b we show a patient with a high percentage (> 20%) of them kg/m 2 (women) did not allow comparisons using those alternative limits. No differences were observed between COPD groups regarding the severity of the disease, smoking status, predominance of emphysema or presence of bronchiectasis. Finally, a positive correlation was observed between NKG2C+ cells and basal SpO 2 (r = 0.335, p < 0.01) and a trend towards a positive correlation with the number of exacerbations (r = 0.229, p = 0.07). The proportions of NKG2A+ cells were lower in COPD patients than in controls (29.2 ± 17% vs 48.2 ± 18 respectively, p < 0.05). No differences were observed between COPD groups regarding the severity of the disease, nutritional or body composition abnormalities, number of exacerbations, smoking status, number of eosinophils or predominance of emphysema/bronchiectasis. Nor were significant correlations found between the different variables and the levels of NKG2A+ cells. NKG2C gene deletion was detected in 24.3% of the patients (being homozygous in 2.4% and hemizygous in the rest), similar to previous reports in the general population [18] . Interestingly, patients with deletions had greater air trapping than those without this functional abnormality (RV/TLC 67 ± 7 vs. 59 ± 11%, p < 0.05 respectively), and were similar for the rest of variables.
NKG2C+ threshold 20%
In a complementary approach, when patients were stratified according to their % of NKG2C+ NK cells with respect to the threshold (> 20%) described in statistical analysis section, those with higher percentages showed poorer body composition (low FFMI) and more exacerbations (Table 2) . Moreover, the proportions of frequent exacerbators, or patients with either reduced BMI or FFMI, were increased among cases with NKG2C+ cells > 20%; conversely, the proportions of subjects with predominant emphysema (CT) or peripheral eosinophilia were reduced in this group.
When controlling for the covariates age, sex, FEV 1 % and the FFMI, only the number of exacerbations emerged as an independent risk factor associated with high levels of NKG2C+ (OR 3 [1.1-8.4], p < 0.05).
Discussion
This is the first study to analyse the presence of NKG2C+ cells in patients with COPD. Although the adaptive response of NK cells to HCMV infection varies widely in healthy subjects, the most interesting findings were that patients with COPD and frequent exacerbations or with nutritional abnormalities (lower FFMI) showed increased proportions of NKG2C+ cells.
The search for blood biomarkers to improve the diagnosis of the different COPD phenotypes is one of the priorities in respiratory research. On the one hand, their use would facilitate the clinical management of these patients by improving their selection for more expensive and complex interventions, and would help monitor their response to therapy; on the other, biomarkers may contribute to identifying additional mechanistic clues underlying the development of the disease, possibly leading to the design of novel therapeutic approaches. Thus far, the vast majority of markers described for the disease, its complications, comorbidities and systemic manifestations are unspecific, focusing fundamentally on inflammation, oxidative stress and detection of products derived from the lung, endothelium, or muscle structure or metabolism. Our data suggest that the adaptive response of NK cells to HCMV may be related to a greater predisposition to exacerbation in patients with COPD. Although further studies are still needed, titration of the immune response could help clinicians as a biomarker of the disease in these patients. NK cells are innate lymphoid cells which contribute to the elimination of infected and neoplastic cells, regulating the development of adaptive humoral and cellmediated responses [31] . NK cells display different surface receptors, which regulate their effector functions (i.e., cytotoxicity and cytokine production). Various NK cell subsets have been defined according to the surface expression of these molecules. Among them, the homologous inhibitory CD94/NKG2A and activating CD94/ NKG2C receptors specifically recognize HLA-E, a nonclassical HLA class I molecule. It is well established that there is a persistent differentiation and expansion of NKG2C+ NK cells (albeit with varying magnitudes) in response to HCMV infection both in healthy individuals and in different pathological conditions [32, 33] . In our cohort of patients,
To date, studies of the numbers and functions of NK cells in COPD patients, both in blood and in the pulmonary compartment, are controversial. Some authors have reported that NK cells are reduced in the bronchoalveolar lavage (BAL) of subjects with chronic bronchitis [34] . However, others have observed raised numbers of NK cells with an increased cytotoxic function in the induced sputum of COPD patients [8, 35] . One possible explanation to these controversial data are the different origin of the sample. As regards NK cells in peripheral blood, some authors have found them to be elevated in patients with COPD [36] , but others have reported normal or reduced proportions with either preserved or impaired function [8, [37] [38] [39] . Some of the discrepancy observed between lung and blood compartments may be attributed to the fact that the former are more closely related to COPD, and the latter appear to be influenced more by smoking [40] . However, we stress that in the present study we did not observe differences in NK cell percentages between active smokers and ex-smokers.
Regarding the specific role of NK cells in COPD, some authors have reported that their cytotoxic mediators (i.e., granzyme B and perforin) may be involved in inducing apoptosis in the lungs, thus facilitating emphysema [10, 11] . However, these results have not been confirmed by other authors [41] . It has been suggested that the enhanced cytotoxicity of NK cells against lung epithelial cells in COPD is mediated by dendritic cell transpresentation of IL-15 through the interleukin 15 receptor subunit α (IL-15Rα) [42] . To our knowledge, the only study to address the relationship between COPD severity and NK cells showed that lung tissue CD56+ lymphocytes (including both NK and a T cell subset) increased their cytotoxicity against lung parenchyma cells and may contribute to emphysema progression [43] . In our cohort we did not observe higher numbers of NK cells in the patients with predominant emphysema, but we did observe higher numbers of NK cells in patients with COPD and bronchiectasis, a finding that has also been reported previously [44, 45] . The progressive lung damage resulting from a 'vicious cycle' of recurrent exacerbations and a poorly regulated inflammatory response has been proposed as one of the main pathogenic mechanisms of bronchiectasis [46] . As we noted above, there is some evidence of a relevant role for NK cells in the exacerbations of the disease [47] . In fact, a differential expression of genes related to NK cell activity was detected in COPD patients suffering exacerbations, and this expression profile appeared related to the number of these acute episodes [48] . Furthermore, the immunomodulatory role that NK cells seem to play in COPD has led some authors to propose the development of new therapeutic strategies for this pulmonary disease [8, 49] . For instance, blockade of CD137 expression has been reported to downregulate in vitro proinflammatory cytokines and granzyme B expression in CD8+ T and NK cells from COPD patients [50] . As for NK cell receptors, it has been reported that cytotoxic cells (NK and or CD8+ T cells) expressing NKG2D (another NK activating receptor) are increased in the BAL of both smokers and COPD patients [51] . In fact, some years ago our group reported that tobacco causes a persistent expression of the NKG2D ligand in the bronchial epithelium, which may be involved in the development of lung disease [52] . Moreover, the expression of NKG2D induced by tobacco appears to modulate the response of NK cells to infections [53] . Regarding peripheral blood, increases in receptors have occasionally been reported in COPD patients [36] , although other authors have been unable to find such changes [37] . Yet, steroids decreased in vitro the expression of NKG2D in NK cells [37] . To our knowledge, no information has been published on NKG2C+ cells in COPD.
Our results reinforce the notion that the proportions of NK cells are higher in peripheral blood of COPD with more advanced disease, the presence of bronchiectasis, and a greater number of exacerbations. On the other hand, the proportions of NK cells that expressed the NKG2C receptor appear to be higher in frequent exacerbators and in patients with nutritional abnormalities. In fact, factors such as the distribution of different NK cell subsets, disease severity, the number of previous exacerbations and nutritional status may partially explain the discrepancies observed in previous studies conducted in COPD.
Several different interpretations may be proposed to explain the differences in the NK cell compartment profile features observed in COPD patient subpopulations. The increase in total NK cells may be related to the presence of persistent inflammation linked to the disease itself, especially at the more advanced stages. On the other hand, we could speculate that the increase in the NKG2C+ population could reflect a response to recurrent HCMV reactivation, promoted by repeated exacerbations and/or poor nutritional status. In this regard, it is interesting that proinflammatory cytokines (e.g., TNFα) were reported to promote reactivation of HCMV replication in myelomonocytic cells [54] [55] [56] . A prospective study of the presence of the virus in blood and saliva or respiratory secretions is needed to address this possibility. Alternatively, one might speculate that individuals displaying higher NKG2C+ expression levels would be susceptible to experience a worse progression of COPD. It should be noted that NKG2C+ NK cells efficiently mediate cytotoxicity and secrete proinflammatory cytokines (i.e., IFN-γ and TNF-α), particularly on antibodydependent activation through the FcγR-IIIA (CD16) receptor. It is known that these proinflammatory cytokines are important mediators of weight loss, which is frequently associated with chronic diseases such as COPD [5] . To address this causal hypothesis would require a longitudinal study with serial determinations of NKG2C+ cells in patients ideally recruited in early stages of the lung disease.
This pilot study has several limitations that should be mentioned. First, the number of control subjects was low. Nevertheless, our objective was to evaluate the distribution of the NK cells, and more specifically of the NKG2C+ subset, in COPD and in some of its most prevalent clinical forms. Moreover, the distribution of NK and NKG2C+ cells in control subjects has been described elsewhere in the literature [16, 20] . Second, the distribution of the COPD patients stratified according to their NKG2C+ threshold of 20% was unequal (53 vs 13) and with a high standard deviation. As far as we know, this is the first study to evaluate the distribution of NKG2C + cells in these patients, and so the distribution could not be predicted. As previously mentioned, the threshold of 20% was chosen as a function of the x value of these cells observed in healthy seronegative subjects plus two SD. Tirth, due to technical issues, we don't have all the data in all patients. Despite this lack of information, the power of statistical analysis is sufficient to detect the aforementioned differences.
Conclusions
The present study indicates that total NK cells and the NKG2C+ subset may constitute markers suitable for assessing factors underlying COPD heterogeneity in greater depth. 
